Objective: To assess the clinical outcomes of fertility-sparing treatments in young patients with epithelial ovarian carcinoma (EOC). Methods: A retrospective study of young EOC inpatients (≤40 years old) was performed during January 1994 and December 2010 in eight institutions. Results: Data were analyzed from 94 patients treated with fertility-sparing surgery with a median follow-up time of 58.7 months. As histologic grade increased, overall survival (OS) and disease-free survival (DFS) of patients receiving fertility-sparing surgery declined. Neither staging surgery nor laparoscopy of early stage EOC with conservative surgery had a significant effect on OS or DFS. Normal menstruation recommenced after chemotherapy in 89% of the fertility-sparing group. Seventeen pregnancies among twelve patients were achieved by the end of the follow-ups. Conclusions: Fertility-sparing treatment for patients with EOC Stage I Grade 1 could be cautiously considered for young patients. The surgical procedure and surgical route might not significantly influence the prognosis. Standard chemotherapy is not likely to have an evident impact on ovarian function or fertility in young patients.
Introduction
Epithelial ovarian carcinoma (EOC) is the most common cause of death in gynecological malignancy, comprising 75%-90% of ovarian malignant tumors (Greenlee et al., 2001) . However, 5-year survival trends for patients with early stage EOC disease have been shown to be as high as 62%-85% (90%-95% for Stage Ia) (Kottmeier et al., 1968) . Nowadays, as lifestyles change, the onset age of EOC occurs at a much younger age. Several reports have estimated that women under 40 years of age comprise 3%-17% of all EOCs (Duska et al., 1999; Greenlee et al., 2001) . As diagnostic and treatment techniques have improved over the past decade, there has been a gradual abandonment of radical surgical procedures in favor of more conservative treatments in an effort to decrease morbidity and preserve fertility, without affecting overall survival (OS) and disease-free survival (DFS) (Berman, 2003) .
Literature on the conservative management of EOC in selected patients is limited (DiSaia, 1989) . Only four studies involving relatively large numbers of patients have been published (Colombo et al., 1994; Schilder et al., 2002; Park et al., 2008; Kajiyama et al., 2010) . However, as the results of such studies remain controversial, we designed a large retrospective multicenter analysis of conservative management of EOC in China, to evaluate the clinical outcomes and fertility of young EOC patients who underwent fertilitysparing treatment.
Materials and methods

Patients
A multicenter retrospective study was conducted by members of several hospitals affiliated to universities, involving the collection and analysis of cases of conservative treatment of EOC. Data were recorded from medical documents. Only women under 40 years of age and with more than 12 months of post-surgical follow-up were included. Ninety-four patients were enrolled during January 1994 and December 2010.
Disease was staged as recommended by the International Federation of Gynecology and Obstetrics (FIGO, 1989) classification. Two experienced pathologists were assigned for the pathological diagnosis of invasive ovarian cancer. Histological diagnosis was performed according to the World Health Organization (WHO) criteria (Scrov et al., 1973) . Adjuvant therapy was given to patients at stages higher than Ic and early-stage patients with high-risk factors, including high tumor grade, clear cell histologic type, etc. Adjuvant platinum-based chemotherapeutic regimens included TP (taxol and platinum), CP (cyclophosphamide and platinum), or CAP (cyclophosphamide, adriamycin and platinum). Follow-up after primary treatment consisted of clinical visits every three months for two years, then every six months during the next three years, and yearly thereafter. All patients were interviewed by telephone to assess their obstetrical outcomes.
Fertility-sparing surgery (FSS) is a surgical treatment in which one ovary and the uterus are conserved. A complete staging operation included the following procedures: peritoneal washing, intracolonic or partial omentectomy, and retroperitoneal/paraaortic lymph node dissection or biopsy. All other cases were considered to have incomplete surgical staging.
Statistical analysis
OS, DFS, and menstruation or fertility were evaluated as clinical outcomes. Specific prognostic factors, such as stage, histology, grade, staging procedures, and surgery route, were analyzed. Survival distributions were calculated by the Kaplan-Meier method and statistical significance was determined using the log-rank test. Risk factors for DFS were analyzed using Cox proportional hazard survival regression. All variables were categorized and included in the analysis. The significance level was set at P<0.05. SPSS software Version 11.5.0 (SPSS, Institution Inc., Somers, NY, USA) was used.
Results
Patient characteristics
From the medical records of the multicentric institutions between January 1994 and December 2010, a total of 110 patients' data were reviewed. Sixteen patients were excluded from this study because of incomplete clinical data or for being lost to follow up. Ninety-four records satisfied all inclusion criteria. The characteristics of the patients enrolled are shown in Table 1 . (range 12-196 months) . In China, the indications for FSS of EOC are quite strict. Most practices converge to early stage and highly differentiated cases. In our study there were only a few cases at stages higher than Ic or at grades higher than 2, and some patients were not required even to receive subsequent chemotherapy. These factors were taken into account in our analysis of the results.
Prognostic outcomes
Among the patients enrolled, there were four cases of tumor-related death, with a mean survival of 132 months (95% CI 116-147 months). Disease recurred in nine patients after primary surgery, with a recurrence rate of 9.6% (9/94). (Fig. 1 ). For patients with Stage Ia, Ib, or Ic disease, the 5-year OS rates were 92.3%, 100.0%, and 88.0%, respectively (P= 0.7640), and the 5-year DFS rates were 92.3%, 100.0%, and 83.9%, respectively (P=0.0944). Although the survival duration of Stage Ic patients was shorter than that of Stage Ia patients, the difference was not significant. Differences between the DFS of Stages Ia, Ib and Ic patients were not statistically significant. Among the 28 cases of Stage Ic, 6 had surface excrescence, 9 had intra-operative rupture, and 13 had cytology positive sub-groups. There were no significant differences in OS (P=0.4675) or DFS (P=0.0591) among these sub-groups. The relationships between OS and DFS and tumor grade are shown in Fig. 2 . For patients with Grade 1, 2, or 3 disease, the 5-year OS rates were 95.6%, 85.7%, and 55.0%, respectively (P=0.0001), and the 5-year DFS rates were 88.9%, 83.0%, and 35.7%, respectively (P=0.0188). These results indicate that patients with higher tumor grades would have a poorer prognosis. Even in patients with Stage Ia disease, the OS and DFS rates of Grade 3 disease were significantly poorer than those of patients with Grade 1 disease (P=0.001).
For patients with serous, mucinous, endometrioid, clear cell, or mixed histology, the 5-year DFS rates were 85.1%, 76.2%, 100.0%, 66.7%, and 88.1%, respectively (P=0.3315), and the 5-year OS rates were 69.5%, 70.7%, 87.5%, 66.7%, and 80.1%, respectively (P=0.6475). Differences in prognosis among histological types were not statistically significant (Fig. 3) . If we divide the cases into serous and non-serous histology groups, the differences in OS (P=0.4650) and DFS (P=0.5256) were not significant. Likewise, if we divide the cases into high risk and usual histology groups, the differences in OS (P=0.1168) and DFS (P=0.8001) were not significant. 
Staging procedure and surgical route
Ninety-four cases of conservative surgery comprised cases of complete staging surgery (SS) and surgery without complete staging procedure (non-SS) (Table 4) . Of the 94 patients, 22 had laparoscopies and 72 had laparotomies, including 5 cases in which laparoscopy had to be changed into laparotomy intraoperatively. Many patients underwent unilateral cystectomy and six patients underwent bilateral cystectomy. This differs from the outcome of other case series, because most of our cases converged to Stage Ia with only one ovary involved. Therefore, most of these patients underwent unilateral cystectomy with or without biopsy. The prognosis of these patients was quite promising, since in only two cases disease recurred in the contralateral ovary and in only one case the patient died of the disease. Moreover, our series had eight cases of Stage Ib, six of which underwent bilateral cystectomy, and two of which underwent unilateral salpingo-oophorectomy and biopsy. The diagnosis and staging of the two cases were not confirmed until the post-operational pathology was completed. The outcomes are shown in Table 5 .
Kaplan-Meier analysis was used to estimate OS and DFS of those patients receiving SS/non-SS and laparoscopy/laparotomy classified by FIGO stage (Ia-Ic). The results showed that there was no significant difference between the SS and non-SS groups (OS: P=0.0813; DFS: P=0.4009). Also, the differences in DFS and OS between laparoscopy and laparotomy were not statistically significant (OS: P=0.5454; DFS: P=0.8213).
Risk factors for recurrence
The DFS of patients with conservative treatment in our study was analyzed in order to look into the risk factors for recurrence. Results were analyzed using the Cox proportional hazards model. We modeled all categories of each variable and controlled for all variables that may predict the event. We selected variables based on previous studies (Wright et al., 2009; Satoh et al., 2010) , and all variables were included in the analysis. There were no significant predictors of DFS from the multivariate analysis (Table 6 ). 
Reproductive outcomes
In our current study, normal menstruation recommenced three months after operation or two months after chemotherapy in 89% of patients who underwent FSS. Sixty-nine patients were menstruating regularly, except for six cases of polymenorrhea, and 36 out of 45 patients who had the desire for pregnancy had chemotherapy perioperatively. Pregnancy outcomes are shown in Table 7 . The stages of three women requiring fertility treatment after conservative surgery were Ia, Ic, and IIIc. No recurrence was seen among the 12 pregnant patients, and the offsprings were all normal.
Discussion
Surgical indication of FSS in EOC
In 2005, the National Comprehensive Cancer Network (NCCN) defines the surgical indication as Stage I EOC patients who desire to preserve their fertility function. Recently, conservative treatment of EOC has become a focus in this field. Most researchers consider that it is possible for young women with Stage Ia EOC to maintain their fertility and receive successful and safe treatment of their disease In vitro fertilization 2
Spontaneous abortion 3
Elective abortion 5
Term deliveries 7
Live newborns 7
Vaginal delivery 3
Cesarean section 4
Ongoing pregnancy 2
Descriptive statistics was used for data process. * Values are presented as mean (range) or number of subjects (Zanetta et al., 1997; Borgfeldt et al., 2007) . A French multicentric study [Groupe des Chirurgiens de Centre de Lutte Contre le Cancer (GCCLCC) and Société Française d′Oncologie Gynécologique (SFOG)] recommended that conservative surgery is acceptable in young patients with Stage Ia Grade 1 disease, but not suitable for stages higher than Ia (Morice et al., 2005) . Such patients should always commit to a close follow-up and complete hysterectomy and contralateral adnexectomy or oophorectomy, if necessary, after giving birth (Ding and Xie, 2006) .
Recently, some researchers have extended the surgical indication to Stage Ic, Grade 3 and even to Stages II and III. However, their series of patients were too limited to draw a definite conclusion. In China, FSS on advanced stage EOC patients is not usually acceptable, except for young patients with a great desire to preserve their fertility. In our study, most cases converged into the early stage of disease, and most did not have complete SS. So, although most recurrence occurred in patients in advanced stages of disease, we cannot confirm the relationship between the stage and outcome of EOC patients. Our multivariate analysis showed that the stage is not a significant predictor of DFS. Therefore, surgical indication for higher stages needs further investigation in large series. We should always bear it in mind that the main objective of conservative treatment for women with EOC is to spare fertility without negatively affecting OS and DFS.
Clinical factors influencing the prognosis of FSS in EOC
Nowadays, it is generally accepted that the main factors influencing the prognosis of fertilitysparing treatment are the FIGO stage, pathological grade, and pathological type. Patients with high-risk factors (Stage over Ic, Grade 3, or clear cell carcinoma, etc.) would have significantly higher death and recurrence rates after FSS (Shimada et al., 2005; Zeng et al., 2005) .
EOC patients with higher tumor grades would have a poorer prognosis. Vergote et al. (2001) carried out a retrospective study of 1 545 Stage Ia EOC patients. Multivariate analyses identified the degree of differentiation as the most powerful prognostic indicator of DFS. They recommended that the degree of differentiation should be used in making decisions on therapy in clinical practice and in the FIGO classification of Stage I ovarian cancer. We reached the same conclusion from our study. Even in patients with Stage Ia disease, the prognosis of Grade 3 disease was significantly poorer.
Most researchers have found that conservative treatment is suitable for patients with serous, mucinous, or endometrioid carcinoma but not for patients with high-risk factors, such as clear cell or anaplastic carcinoma (Morice et al., 2005) . However, in our study, although patients with clear cell histological type showed a trend of lower survival and higher recurrence, there was no significant difference compared with other types of histology. The small number of clear cell samples might account for the result, and verification of the hypothesis needs larger samples.
There has been debate over the use of tumor stage as a prognostic factor. Some researchers do not agree with the inclusion of Stage Ic in the high-risk group (Seli and Tangir, 2005; Satoh et al., 2010) . Kajiyama et al. (2010) analyzed 60 cases of Stage I EOC patients with FSS, including 30 cases of Stage Ia, 1 case of Stage Ib, and 29 cases of Stage Ic. The results indicated that differences in DFS and OS rates between Stages Ia and Ic were not significant. Our data showed a similar result. So it seems reasonable to revise the criteria for high-risk classification. However, the main limitation of our study was that most patients did not undergo complete SS procedures. Therefore, we cannot confirm that they had true Stage Ia or Ic disease. So data modification and staging procedure identification in large populations are required for further investigation.
There are few published studies of conservative treatment of Stage Ib patients. In our study, the eight cases of Stage Ib were all alive with no evidence of disease. Although we are unable to draw a definite conclusion from these few cases, it is still reasonable to say that conservative surgery of this stage may not have a considerable risk of tumor recurrence.
As for the choice of surgical range and surgical route in early stage patients, a Korean study including 264 Stage I epithelial ovarian tumors (62 complete SS and 202 non-SS) indicated that differences in OS and DFS rates between the two groups were not statistically significant and complete SS was not necessary for patients with Stage I mucinous epithelial tumors (Cho et al., 2006) . A Chinese study of 89 patients indicated that lymph node excision could not improve the prognosis of macroscopic Stage I EOC (Ma et al., 2010) . Our survival analysis showed no significant difference in OS or DFS between SS and non-SS or between laparoscopy and laparotomy groups for conservative treatment, which may lead to a reconsideration of SS and laparoscopy in clinical practice.
A multivariate analysis of 164 early stage EOC patients revealed that there were three factors related to occult metastasis: CA125 levels over 500 U/ml, positive peritoneal cytology, and Grade 3 disease (Ayhan et al., 2007) . Multivariate analyses (Vergote et al., 2001) identified that, except for histological grade, none of the following were of prognostic value: histological type, dense adhesion, extracapsular growth, ascites, FIGO stage, and size of tumour. Our study, which included multivariate analysis of several other clinical factors, indicated that there were no individual prognostic factors for conservative treatment of EOC. So it is reasonable to conclude that the recurrence of disease might be affected by complicated situations.
Effect of chemotherapy on ovarian function and fertility
There is still controversy over the use of chemotherapy after FSS in EOC patients. The key point lies in the effect of chemotherapy on the prognosis and ovarian function, especially on the fertility function and offspring. It is generally accepted that EOC patients of Stage Ia Grade 1 do not need subsequent chemotherapy. However, patients with stages higher than Ic or other high-risk factors should be given auxiliary chemotherapy (Zeng et al., 2005) . Chemotherapy would lead to temporary menstrual disorder, and 65%-70% patients would regain normal ovarian function after the completion of chemotherapy, while the congenital malformation rate would not be raised.
Previous studies have shown promising reproductive outcomes after chemotherapy for malignant disease (Morice et al., 2001; Schilder et al., 2002; Park et al., 2008) . Maltaris et al. (2006) reported 282 cases of early stage EOC patients under FSS. A total of 113 (40.07%) patients managed to become pregnant, among whom 87 reached full term. Our data showed similar results suggesting that standard chemotherapy is unlikely to have an evident impact on ovarian function and fertility, despite a high frequency of adjuvant chemotherapy.
Although patients of subsequent chemotherapy should try to become pregnant as early as possible during the disease-free-period, pregnancy should not begin until at least 6-12 months after the end of chemotherapy in order to reduce the negative effect of chemotherapy on the oocytes (Maltaris et al., 2007) . It may be advisable to establish a limit to the amount of time during which pregnancy may be attempted. Once the predetermined period has elapsed, whether patients have been successful or not, a strong consideration should be given to perform complete radical surgery for ovarian cancer.
Conclusions
FSS in the management of EOC is an efficient alternative from an oncologic point of view and could be cautiously considered in young patients who desire to preserve fertility with Stage I Grade 1 disease. However, careful follow-up and patient compliance will be required to detect early ovarian recurrence of disease. Staging procedure and surgical route might not significantly influence the OS or DFS. Standard chemotherapy is unlikely to have an evident impact on ovarian function and fertility.
The main limitation of our current study was the small amount of retrospective data. A larger scale investigation in EOC patients with FSS is expected in future.
